ABSTRACT
INTRODUCTION
Sequential rearrangements of immunoglobulin heavy and light chain genes occur during B-cell development, and the defective or dangerous lymphocytes are eliminated by negative selection (1) . Several cytokines and chemokines in bone marrow microenvironment deliver inhibitory or stimulatory signals to B lymphocyte progenitors. For example, type I interferons, IFN-α/β that are produced by resident bone marrow macrophages can inhibit the IL-7-induced growth and survival of B lymphocyte progenitors (2, 3) . Cross-linking of Fas, a member of the tumor necrosis-nerve growth factor receptor superfamily, can induce apoptosis in B lymphocyte progenitors (4) . It is widely believed that dysregulation or absence of these regulatory factors could contribute autoimmune and/or malignant diseases.
Indeed, mice carrying the lymphoproliferation (lpr) mutation have defects in the Fas antigen gene. The lpr mice develop lymphadenopathy and suffer from a systemic lupus erythematosus-like autoimmune diseases (5) .
Our experiments using Tyk2-deficient mice revealed that Tyk2 is essential for the IFN-α/β -induced inhibition of colony formation of B lymphocyte progenitors in response to interleukin (IL)-7 as well as the up-regulation and nuclear translocation of Daxx (6) 
MATERIALS AND METHODS

Reagents and antibodies
A synthetic dimerizer, AP20187 and an expression vector, pC4M-Fv2E containing an N-terminal myristoylation signal, two copies of FKBP, followed by a C-terminal HA-tag were kindly provided by ARIAD Gene Therapeutics (Cambridge, MA). Expression vectors, FLAG-tagged Daxx, JNK binding domain (JBD) of JIP-1(16) and murine Fas cDNA (17) were kindly provided by Dr. H. Ariga and Dr. T. Taira (Hokkaido Univ., Sapporo, Japan), Dr. R. J. Davis (Univ. of Massachusetts Med. Sch., MA) and Dr. S. Nagata (Osaka Univ., Osaka, Japan), respectively. FKBP-Fas fusion was constructed by introducing the murine Fas cytoplasmic region into pC4M-Fv2E vector as described previously (18) (19) (20) (21) . Anti-HA antibody was purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-FLAG M2 antibody was purchased from Upstate Biotechnology (Lake Placid, NY). JNK activation was determined by PhosphoPlus JNK antibody Kit (Cell Signaling Technology, MA) according to the manufacturer's instructions. Z-VAD-fmk was purchased from Peptide Institute, INC (Osaka, Japan).
Cell culture, transfections, RT-PCR and cell viability assays
An IL-3-dependent murine pro-B cell line, BAF3 was maintained in RPMI1640 medium supplemented with 10% fetal calf serum (FCS) and 10% conditioned medium from WEHI-3B cells as a source of IL-3 (22) . Stable transformants expressing either FKBP-Fas, Daxx, or both of them were established as described previously (22) and maintained in the above medium in the presence of G418 (1mg/ml). AP20187 stimulation was also performed in the presence of IL-3. RT-PCR was performed using RT-PCR high -Plus-Kit (TOYOBO, 
Immunoprecipitation, immunoblotting and DNA fragmentation
The immunoprecipitation and Western blotting were performed as described previously (23) .
Cells were harvested and lysed in lysis buffer (50 mM Tris-HCl, pH 7.4, 0.15 M NaCl, containing 1% NP-40, 1 μM phenylmethylsulfonyl fluoride and 10 μg/ml each of aprotinin, pepstatin and leupeptin). The immunoprecipitates from cell lysates were resolved on SDS-PAGE and transferred to Immobilon filter (Millipore, Bedford, MA). The filters were then immunoblotted with each antibody. Immunoreactive proteins were visualized using an enhanced chemiluminescence detection system (Amersham Pharmacia Biotech).
DNA fragmentation assay was performed as described previously (24) . 
RESULTS AND DISCUSSION
Development of a conditional
AP20187-induced apoptosis in BAF/FD7 cells
Fas-induced apoptosis is known to be a rapid event that occurs within a few hours. Some of the earliest detectable events in the apoptotic pathway are loss of the cytoplasmic polarization of plasma membrane phosphatidylserine and the fragmentation of nuclear DNA.
To determine the kinetics of AP20187-induced cell death in BAF/FD7 cells, we treated BAF/FD7 cells with 1nM AP20187 and stained with annexin V at different times ( Fig. 2A) . Daxx was reported to be involved in the Fas-and TGF-β-mediated apoptotic signaling pathway (8, 25) . Daxx was originally cloned as a Fas-associated protein and binds specifically to the death domain of Fas, although Daxx itself lacks a death domain (8) . There are two independent signaling pathways downstream of Fas, involving the adapter protein Fas-associated death domain (FADD) and Daxx (5, 8) . The activation of FADD induces a protease cascade (26) , while that of Daxx enhances JNK activation, leading to apoptosis (8) .
Overexpression of Daxx enhances Fas-induced apoptosis (8, 13) , and the targeted disruption of the Daxx gene in mice results in embryonic lethality (9) . Daxx is also involved in coupling of the type II TGF-β receptor signalings with components of the apoptotic machinery (25) .
TGF-β induces apoptosis in primary and cultured lymphocytes (27) 
